Two important steps are involved in the pathogenesis of bacterial enteric pathogens. All the enteric pathogens, which enter the gastrointestinal tract through the mouth with food or water, colonize a certain part of the intestine. This important step is called colonization (4, 9) . For example, Vibrio cholerae and Vibrio parahaemolyticus colonize the mucosa of the upper jejunum, whereas Shigella colonizes the ileocaecum and colon. This event (colonization) is mediated by the production of specific surface antigens called "colonization factors" and specific receptors for the factors. The reason for the differences between the symptoms produced by V. cholerae O1 and V. parahaemolyticus, both of which colonize a similar region of the small intestine, is that they produce different toxins. Thus the second important step in the pathogenesis of bacterial enteric pathogens is the production of toxins and/or invasion. COLONIZATION 
FACTORS (ADHESINS)
The most extensive studies on colonization factors (adhesins) of bacterial enteropathogens have been on those of enterotoxigenic Escherichia coli (ETEC) . Several colonization factors have been found in ETEC strains isolated from human patients and domestic animals ( Table 1) . Colonization factors (CFA) for ETEC are usually identified morphologically as pili on the bacterial surface, as shown in Fig. 1 , and with a few exceptions, the presence of CFAs is associated with mannose-resistant hemagglutination and high bacterial surface hydrophobicity. Although heterogeneity of CFA/I has not been demonstrated, heterogeneities of CFA/II and P8775 have been observed, as summarized in Table 1 .
GROUPING OF ENTEROPATHOGENS BY THEIR MECHANISMS OF PATHOGENICITY
As mentioned above, colonization, that is attachment of the bacteria to the mucosa, is the first step in pathogenesis. Thereafter, the colonized organisms attack human cells or organs by producing toxins or invading the cells and/or tissues. Thus, enteropathogens can be divided into two groups: a toxin type and an invasive type.
(I) Pathogens of the Enteroinvasive Type Shigella, enteroinvasive E. coli (EIEC), Salmonella, Campylobacter jejuni, C. coli and Yersinia enterocolitica (3) are of this type. Most of these pathogens invade epithelial cells of the intestine, but Salmonella invades through intercellular junctions of epithelial cells. But it is now becoming evident that some of these enteroinvasive pathogens classified as the invasive type do in fact produce toxins. For instance, S. dysenteriae produces Shiga toxin (11) and Y. enterocolitica produces ST-like enterotoxin (12) .
(II) Pathogens of the Toxin-producing Type As listed in Table 2 , many enteropathogens produce toxins, including enterotoxins and lethal toxins, that are responsible for their pathogenesis.
Enterotoxins can be divided into three groups: those with a morphologically cytotonic effect, a cytotoxic effect or no effect on cultured Chinese hamster ovary (CHO) cells and Y1 adrenal tumor cells, as classified in Table 3 . Cholera enterotoxin (CT) and heat-labile enterotoxin (LT) of ETEC are examples of cytotonic enterotoxins. Shiga toxin (11) and Clostridium difficile cytotoxin are examples of cytotoxic enterotoxins, and staphylococcal enterotoxin and heat-stable enterotoxin ileal loop test, and (b) the skin permeability (PF) test. Examples of results in these tests are shown in Fig. 2 .
(i) Enterotoxin of the CT and LT groups. These two typical cytotonic enterotoxins possess biologically, immunologically and physicochemically similar characters (9, 13). Similar toxins have been found in cultures of Campylobacter jejuni, Salmonella and Klebsiella. CT/LT are composed of A and B subunits. The A subunit, which consists of Al and A2 fragments, is enzymatically active, while the B subunit binds the toxin to its ganglioside receptor. Figure 3 illustrates the mechanism of the effects of CT/LT: CT binds to ganglioside GM1 receptor through its B subunit, and the Al fragment causes enzymatic ADP-ribosylation of the GTP-binding regulatory component (Gsa) of adenylate cyclase. CT/LT thus inhibits the GTPase turn-off reaction, resulting in activation of adenylate cyclase in the cell membrane. The steps after adenylate cyclase activation with consequent accumulation of intracellular cyclic AMP are still unknown .
CT/LT activity can be measured by CHO cell assay (Fig. 4) . This assay depends on the fact that CHO cells change from a round to a spindle-shape when they accumulate cAMP. Several immunological methods including the Biken test (a modified Elek test) (5) and ELISA (6) have also been developed for detecting CT/LT.
(ii) Various STs. ST was found initially in ETEC (9, 16) , and subsequently in Y. enterocolitica (12), V. mimicus and V. cholerae non-Ol (16) . Two distinct STs, STI (STa) and STII (STb) (8) , are recognized in ETEC. STI is active in suckling mice, whereas STII induces fluid accumulation in the intestine of piglets only. There are two subtypes of STI: STp, found in strains isolated from humans as well as animals, and STh, found in strains isolated from humans. Figure 5 shows the amino acid sequences so far known of various STs. These STs have very similar structures. In particular, the positions of the six half-cystines are identical and thus the 13 amino acids from the first to the last Cys seem to be important for expression of biological activity. ST causes rapid activation of particulate guanylate cyclase in the brush border membrane, and there may be a receptor for ST (7) . But it is unknown how elevation of cyclic GMP due to activation of guanylate cyclase is coupled to secretion.
ST activity can be detected by suckling mouse assay (Fig. 6) . The activity is expressed as the ratio of the weight of the total intestine to the weight of the rest of the body.
(iii) Staphylococcal enterotoxin. After its absorption from the intestine, this toxin is thought to induce nausea and vomiting by stimulating the cerebral center for nausea/vomiting through autonomic nerves (vagus nerve). The toxin also inhibits intestinal movement and water absorption and stimulates intestinal secretion, thus causing diarrhea. The effect of the diarrhogenic activity of this toxin has yet to be elucidated (2) .
Staphylococcal food poisoning is caused by the ingestion of food containing preformed toxins. These toxins vary in molecular weight from ca. 28,000 to 35,000. Some strains of staphylococci produce several antigenically distinct toxins (A, B, C1, C2, D, E) which cause food poisoning in humans (2) . The most common clinical manifestations of staphylococcal food poisoning are diarrhea and emesis. (iii) Botulinum toxin. Clostridium botulinum produces at least eight distinct neurotoxins named A, B, C1, C2, D, E, F and G (14) . They are immunologically different from each other, but the structures and activities of all of them except C2 are essentially similar. The toxins consist of two distinct components, a nontoxic component (Mt. ca. 500,000) and a toxic component (Mt. ca. 150,000). The complex of these components is referred to as progenitor toxin. The toxic component consists of two non-identical fragments : a heavy chain (Mt. ca. 100,000) and a light chain (Mt. ca. 50,000) . The C terminal region of the heavy chain is thought to be the receptor binding portion. It is believed that, like tetanus toxin, botulinum toxin acts presynaptically to block neurotransmitter (acetyl choline) release. The exceptional botulinum toxin, C2, is not a neurotoxin but an enterotoxin. C2 toxin consists of 2 independent proteins, C2-1 and C2-2, that act synergistically. C2 toxin was recently found to be an enzyme that catalizes ADP-ribosylation (1) .
As described in this report, it is now evident that many pathogens, including organisms of the invasive type, produce various kinds of toxins. Thus more studies on toxins are required than were originally anticipated. It is also important to obtain more information on colonization.
